Experimental Section
Sample preparation: TF-BAPTA (AG Scientific, Inc.) was dissolved in 20 mM Hepes buffer to a final concentration of either 5 mM (NMR experiments) or 10 mM (MRI experiments). The pH was adjusted to 7.4 by titration with 1 N HCl or 1 N NaOH. Stock solutions of the salts CaCl 2 , MgCl 2 , ZnCl 2 , FeSO 4 , NaCl, and KCl were prepared in 20 mM Hepes buffer and used to prepare sample solutions containing TF-BAPTA and ions, with a molar ratio of 10:1 or 50:1 TF-BAPTA:ion for the NMR and MRI experiments, respectively. For experiments performed in the presence of physiological ions, Hank's Balanced Salt Solution (HBSS) containing 1.3 mM Ca 2+ , 0.9 mM Mg 2+ , 5.9 mM K + , 143 mM Na + , and 6 mM glucose was used instead of Hepes buffer. F-NMR spectra of 5 mM 5F-BAPTA in the presence of 0.5 mM Ca 2+ with (black spectrum) and without (red spectrum) the addition of 1 mM Mg 2+ . . iCEST spectra for TF-BAPTA (10 mM) at HBSS (pH=7.2, 1.3 mM Ca 2+ , 0.9 mM Mg 2+ , 5.9 mM K + , 143 mM Na + , 5.6 mM glucose) without (gray iCEST spectrum) and with addition of 200 µM of Zn 2+ (red iCEST spectrum).
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